We investigate the localization of the four-level V-type atom inside a classical standing-wave field through the absorption spectrum of the weak probe field. The expression of the probe absorption spectrum is derived analytically via perturbation treatment of a weak probe field. Numerical results and discussion of the probe susceptibility spectrum behaviour via non-perturbation treatment of the density matrix elements to all orders of fields are obtained. We have shown that the precision of localization of the atom is dependent on the dephasing rates of atomic coherence as well as on some parameters of the driving and standing-wave fields. A strong localization through sharply peak is achieved at a certain value for the dephasing rates in resonance detunings.
INTRODUCTION
Many different techniques to measure the position of the atom passing through a standing-wave field have developed in recent years. The interaction of a singlemode quantized standing-wave cavity field with a threelevel atom passing through the Ramsey-type experimental have been studied in (Kien et al., 1997) . Several schemes have been considered for the localization of the atom using the standing optical light. One of the simple scheme has studied the atom localization inside the standing-wave field during its motion based on resonance fluorescence (Qamer et al., 2000) and Q distribution function through a Kerr-like medium (Osman, 2005) . The precision of the position measurement of the atom depends upon the relative Phase of the driving fields, whereas the phase of the standing-wave driving field has an important role in reducing the number of localization peaks from the usual four to two, leading to a new localization scheme which is called sub-half-wavelength localization, this is demonstrated in Ghafoor et al. (2002) and Sahrai et al. (2005) . Atomic coherence effect, such as coherent population trapping have been shown to be useful for sub-wavelength localization of the atom by Agarwal and Kapale (2006) . The sub-wavelength localization of an ensemble of atoms via super fluorescence was investigated by Macovei et al. (2007) . Jun et al. (2008) discussed the sub-half-wavelength localization of a two level atom via tri-chromatic phase manipulation. Ding et al. (2011) showed that the localization is significantly improved due to the interference effect between the spontaneous decay channels and the dynamically induced quantum interference generated by the two standing-wave fields. The one-and two-dimensional atom localization behaviors via spontaneous emission in a coherently driven five-level atomic system by means of a radio-frequency field driving a hyperfine transition are investigated by Wang et al. (2012) . It is found that the detecting probability and precision of 1D and 2D atom *Corresponding author. E-mail: dr_somia_s@hotmail.com. localization behaviors can be significantly improved via adjusting the system parameters. In this paper we consider a closed four-level atom based on V-type system to determine the position of an atom inside the classical standing-wave field in the presence of the dephasing rate of atomic coherence. The dephasing rate can be preserved in semiconductor double quantum wells (SDQW). It is originated from electron-electron scattering and electron-phonon scattering or even from elastic interface roughness scattering. The semiconductor double quantum wells are very promising candidate in coming years to have a practical multilevel system with the dephasing rate. This is because of controllability in design parameters of such systems (Faist et al., 1997) . The tunneling through the barrier can give rise dephasing rate in SDQW (Affolderbach et al., 2002) . So we have shown that the strength of the interaction of the atom with the standing-wave field depends on the dephasing rate of atomic coherence. To ascertain the localization, we will determine the absorption of the weak probe field and analyze analytical and numerical results through the imaginary part of the susceptibility. Next, we will investigate the effects of the detuning parameters on the precision of localizing an atom. Finally the conclusion is presented.
MODEL AND EQUATIONS
We consider a closed four-level atom based on V-type configuration as shown in Figure 1 . A weak probe field of frequency (amplitude) is applied to the transition |2>↔|3> with a Rabi frequency where is the electric dipole moment. The Hamiltonian of the system in the rotating-wave approximation (Scully and Zubairy, 1997 ) can be written as:
( 1) where, The master equation for the density matrix (Meystre and Sergent, 1999) to our model takes the following form:
The spontaneous decay rates from the atomic levels |4>→|3>, |3>→|2> and |1> to the ground level |2> are labeled as , and respectively. According to Equation (4), we can obtain the equations of motion for the density matrix elements as (for simplicity, we take ħ=1 and the Rabi frequencies are real):
(6) (7) (8) (9) (10) (11) (12) (13) (14) denotes the dephasing rate of atomic coherence ( i ≠ j ). We have the trace condition:
Considering the atom moving in z-direction and passing through a classical standing -wave field aligned along the x-direction. We assume that the center-of-mass position of the atom is nearly constant along the direction of the standing -wave. Hence, we apply the Raman-Nath approximation (Meystre and Sergent, 1999) and neglect the kinetic part of the atom from the Hamiltonian and the corresponding term from the density matrix elements. The demonstration of the localization atom is achieved when the driving field with Rabi frequency is replaced by a standing-wave field in the above equations. So, we assume the classical standing-wave field is coupled the transition |3> ↔|4> with the frequency , thus the Rabi frequency is replaced in Equations 6 to 14, by (x)= sinkx, where k is the wave number of the classical standing-wave field with the amplitude . The first -order solution for the off-diagonal density matrix (which measures the absorption of the probe field) can be obtained in the steady-state by solving Equations 6 to 14. Perturbatively, for a weak probe field (for simplicity, we assume , thus we conclude: (16) where, Abd-El-Nabi 569
So, the expression for the absorption of probe field can be represented as Im( ), according to Equation (16):
Where,
The Im( ) have peaks at:
and they are located at the positions:
The width (W) of any peak in the absorption spectrum characterizing the degree of localization is given by:
It is noted that the width decreases with increase in amplitude of the position-dependent on Rabi frequency and the localization of the atom depends on the detuning of the standing-wave coupling field (compare to that found for three-level model in Paspalakis and Knight, 2001 ). In the next section, we present numerical results for the probe absorption spectrum to propose the high resolution localization via the probe absorption measurement.
NUMERICAL RESULTS AND DISCUSSION
We performed the numerical calculations based on the exact solution of the Equations 6 to 14, under the steadystate condition =0, to obtain the probe field absorption . Here we are interested in the probe absorption spectrum, which is given by the imaginary part of the susceptibility χ= , where N is the atomic density.
Note that the imaginary part of the susceptibility depends on the position x through the term sinkx, thus the absorption spectrum of the weak probe field carries the information on the position along the standing-wave field. For simplicity, it is assumed that the relaxation rates are the same for all levels, that is, = = =γ, all quantities are scaled in the unit of γ and the absorption spectra are in the unit of .
In Figure 2 , we take the 2D absorption spectrum of Im(χ) as a function of kx (π ≤ kx ≤π). We choose =0.001γ, = =20γ, and the detuning (i=p,1,2) are resonance. We compare the plots for several values of the dephasing rates = =0.1γ, 3γ, 7γ, in Figure 2a , b, c. In Figure 2a we take all the dephase rates have the same values above, and show that when increasing the dephasing rate the height of the peak in the absorption spectra decreases. Figure 2b as in Figure 2a but we have =0, and show that when increasing the dephasing rate the height and width of the peak in the absorption spectra increases until reach approximately fixed value (Im(χ)=1) whatever the value of the dephasing rate. , and show that a little high in the peak with increasing the dephasing rate with sharply peak until reach approximately fixed value (Im(χ)=1) whatever the value of the dephasing rate also. Thus, strong localization of the atom can occur.
In Figure 3 , as the same in Figure 2 but we take the off resonance condition =4 (i=p,1,2). It shows that four peaks of the absorption spectra which are decreasing with increasing the dephasing rate. A simple change in the peaks with increasing the dephasing rate are shown in Figure 3c as well as the sub-wavelength localization of an atom can be achieved.
Figures 4 to 6 are presented as a three-dimensional plots of the absorption spectra Im(χ) versus kx (-π ≤ kx ≤π) for various values of one of the detuning (i=p,1,2), while the other two detuning are equally for both resonance and off-resonance at fixed values (0,4γ) respectively. We take the parameters of the field as in Figure 2 . Figure 4 shows the 3D absorption profiles of Im(χ) as a function of kx (-π ≤ kx ≤ π) with various probe detuning for both the detunings and are equal to zero (resonance) or nonzero (off resonance) and =3γ, = =0. For resonance condition In Figure ( 6 ) at ( = =0), we obtain two equally probable peaks appear at the nodes of the standingwave field. The spectra are symmetric with respect to kx=0. It is seen that the spectral width increases with increasing | |. For off-resonance condition = =4, in
Figure (6 ) the absorption spectra are symmetric with respect to kx=0 and a different sort of the spectra are observed in the positive range of the driving-detuning and the atom localization is predicted for a certain values of , in a similar manner to that for a two level system (Xu and Hu, 2007) . As indicated in Equation (19) We note that the position of the peaks are dependant on the value of the ratio (R) of the Rabi frequencies of the control and standing-wave fields (R = ). Thus, for very small values of the ratio R<<1, the maximum peaks are located around the nodes of the standing-wave fields that is, at kx ≈ nπ. Meaning that, for adequate choice of the ratio R results in increasing the zone for the atom localization.
Conclusion
We investigated a four-level atom V-type atomic system interacting with the three fields (control, probe and pump) for achieving the localization of the atom with coherence dephasing rates taken into account. We found that the coherence dephasing rates and the detunings of the fields affected qualitatively as well as quantitatively on the atom localization. We can conclude the results as:
(1) When the dephasing rates = =0, we obtain a strong localization through sharply peak (four sharply peaks) at resonance detunings (off resonance detunings), (2) At small dephasing rates ( =0.1) for off resonance Abd-El-Nabi 573 detunings, we can find strong sub-wavelength, (3) The strong localization of the atom can occur in a narrow spectral region at the value of detuning =0 when ( = =0), (4) When ( = =4), the super-localization is achieved near the nodes at kx=0, ± π and at certain value of the detuning (-10,0,4),
The absorption spectra exhibited a dip at ( =0) for resonance and off Resonance conditions ( = =0 and =4), (6) The localization is predicted in the positive range of the driving detuning ( ) when ( = =4).
